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(54) Soft decision method and apparatus for 8PSK demodulation 



(57) The present invention provides fbr a method 
and a demodulator fbr denrxxJulating a 8-PSK modu- 
lated signal. The down converted symbol is split (1) in 
its I and Q components which are supplied as a first and 
a second bit (Bitl.BitD) as a soft Input to a soft input 
decoder like a Viterbi decoder (8). Furthermore the I 
and Q components of the received symbol are mapped 
into the first quadrant of the I and Q coordinate plain by 



means of absolute calculation units (2,3). The symbol 
mapped into the first quadrant is then rotated in the 
complex plain by 45 degree. The in-phase component 
of the phase-shifted mapped symbol is then output as a 
soft decision (likelihood) information to the soft input 
decoder (8). 
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Doscriptlon 

[0001] The present invention relates to a method for 
demodulating a 8 PSK modulated signal, a demodulator 
for demodulating a 8 PSK modulated signal as well as 
to a mobile communications device comprising such a 
demodulator. 

[0002] When demodulating a 4-PSK (QPSK) modu- 
lated signal it is known to generate soft information 
besides the hard decision information. As the inphase 
and quadrature phase component can be separated 
easily in the QPSK system (orthogonal signal space) it 
is quite simple to generate the soft information repre- 
senting the litelihood of the received symbol. Rg. 3 
shows the modulation point constellation scheme 
according to the QPSK scheme. As shown in fig. 4, split 
unit one separates the inphase component to generate 
a bit 0 and a Q-phase component to generate the bit 
ona Furthermore a third bit is issued representing the 
soft information, i.e. the liltelihood of the received sym- 
bol. 

[0003] However, when demodulating a 8 PSK modu- 
lated signal, the soft information generation process as 
known from the QPSK modulatfon scheme can no 
longer be used as there is no longer any orthogonal sig- 
nal space. Therefore according to the state of the art a 
typical 8 PSK demodulation process generates only 
hard decision information. To generate the hard deci- 
sion information (e.g. -i-and -1) decision sectors (thresh- 
okJ comparison) Is Introduced. The hard decisfon of the 
received synrfool represertts the sector in which the 
received constellation point has been detected. Accord- 
ing to tiie detected sector three bits BO, B1 . B2 are gen- 
erated according to tiie hard decision. According to this 
prior art no soft decision information enhancing the 
quality of the decoding process is generated. 
[0004] Compared to QPSK(4-PSK) where the i and Q 
(in-phase and quadrature)components can be sepa- 
rated completely (orthogonal space), tiie generation of 
soft information (confidence or likelihood information) in 
a 8-PSK receiver therefore is more complnated. 
[0005] From US-A-5757856 a differential encoder and 
decoder for a Trellis-encoded 8 PSK modulation is 
known. In fig. 1 of the document a 8 PSK type coded 
signal constellation is shown and explained. 
[OOOS] JT04-1 23553 discloses a monitor system for 
octal phase PSK demodulation. 
[0007] Therefore it is the olsject of the present inven- 
tion to provide for a system generating additionally soft 
decision information when demodulating a 8-PSK mod- 
ulated signal. 

[0008] This object is achieved by means of the fea- 
tures of the independent claims. The dependent claims 
develop further the centrality of the present invention. 
[0009] According to the present invention therefore a 
method for demodulating a 8-PSK modulating signal is 
provided. At first the I and Q components of tiie 
received symbol are detected. A first and a second soft 



decision bit representing the detected I and Q compo- 
nents, respectively, are output. The distance from the 
received symbol to the closest axis of a coordinate sys- 
tem rotated by 45° relatively to tiie I and Q coordinate 

5 system is detected and a third bit representing the 
measure distance is output. The third bit tiierefore rep- 
resents also a soft decision or likelihood information. 
[0010] The distance from the received symbol to tiie 
closest axis of a coordinate system rotated by 45*" 

10 degrees relatively to the I and Q coordinate system can 
be measure by mapping the received symbol into tiie 
first quadrant of tiie t and Q coordinate system. Then 
the mapped constellation point is phase rotated by 45'' 
and the I component of the phase rotated mapped oon- 

15 stellation point is taken. The I component of the phase 
rotated mapped constellation point therefore represents 
tiie likelihood or soft decision information. 
[001 1 ] The mapping of tiie received symbol is in tiie 
first quadrant of the I and Q coordinate system can be 

20 aftected by taking the absolute value of tiie I and Q com- 
ponents of the received symbol. 
[0012] The three bits generated by a demodulation 
metiiod according to the present invention, i.e. the tiiree 
soft decision bits can be supplied to a VitertM decoding 

25 step, wherein the third bft representing the method dis- 
tance is used as a likelihood information in the Viterbi 
decoding step. The Viterbi decoding thereby stands as 
an example for convolutional decoding techniques, 
which are an example for general soft input decoding 

30 techniques. 

[001 3] The third bit can be supplied as an input signal 
to a carrier phase tracking loop. 
[001 4] The tiiird bit can be supplied as an input signal 
to an automatic gain control. 

35 [0015] Regarding the 8 PSK constellation mapping 
scheme, a Gray constellation mapping can be used. 
[001 6] Accord! ng to the present invention f urtiiermore 
a demodulator for demodulating a 8 PSK demodulated 
signal is provided. The demodulator comprises a split 

40 unit adapted for detecting tiie I and Q components (sep- 
arating the I and Q components) of tiie received symbol, 
and outputting a first and a second bit representing the 
detected t and Q components. Furthermore a detector 
is provided adapted for detecting the distance from the 

45 received symbol to the closest axis of a coordinate sys- 
tem rotated by 45° relatively to the I and Q coordinate 
system and for outputting a third bit representing tiie 
measured distance. 

[001 7] The detector for measuring the distance from 
50 tiie received symt)ol to the closest axis of the coordinate 
system rotated by 45'' relatively to the I and Q coordi- 
nate system can comprise means for mapping the 
received syvrboH to tiie first quadrant of the I and Q coor- 
dinate system, means for phase rotating the mapped 
55 constellation point by 45*", and means taking the I com- 
ponent of tiie phase rotated mapped constellation point. 
[0018] The means for mapping tiie received symbol 
into the first quadrant of the I and Q coordinate system 
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can comprise means for taking the alssolute value of tlie 
I and Q components of the received symbol. 

[0019] Furthernrare a Vrterbi decoder can be pro- 
vided, wherein the three bits representing the measure 
distance are used as a likelihood information in the 
Viterbi decoder. 

[0020] A carrier phase tracking loop can be provided 
to be supplied to the third bit as an input signal. 
[0021 ] An automatic gain control can be supplied with 
a third bit information signal as an input signal. 
[0022] According to the present invention furthermore 
a mobile communications device is provided comprising 
a demodulator as set forth above. 
[0023] In the following a preferred embodiment of the 
present invention will be explained with reference to the 
figures of the enclosed drawings such that further 
objects, features and advantages provided by the 
present invention will become clearer. 

Rg. 1 shows a 8-PSK nxxlulation point constella- 
tion scheme and two coordinate systems, i.e. the I- 
Q coordinate system as well as the second coordi- 
nate system build up from virtual axes and rotated 
by 45" relatively to the l-Q coordinate system, 

fig. 2 shows a block diagram of an emtXKliment of 
the present invention, wherein the soft decision 
information (likelihood information) is input to a 
Viterbi decoder. 

fig. 3 shows a known QPSK constellation scheme, 
and 

fig. 4 shows a split unit for separating the I and Q 
component of a QPSK nrKXiulated symbol. 

[0024] With reference to Fig. 1 the basic idea of the 
present invention will be explained. In fig. 1 the modula- 
tion point constellation scheme of a gray-coded 8-PSK 
nradulation system is shown. Furthermore the l-Q coor- 
dinate system as well as a second coordinate system 
buiM up of orthogonal axes A1, A2 is shown. The sec- 
ond coordinate system build up from the axes A1 , A2 is 
shifted by 45"" relatively to the l-Q coordinate system. By 
providing a second coordinate system, with other words 
an orthogonal signal space also for 8-PSK modulation 
can be generated. For higher order modulation 
schemes, such as for example 16-PSK modulation, fur- 
ther coordinate systems and virtual axes can be intro- 
duced. 

[0025] According to the present invention firstly the I 
and Q components of the received symbol are detected 
and respectively output as a first and a second t)it. This 
information can be used as soft information or it can be 
decided in which decision sector the received symbol is 
positioned (hard decision) and only data representing 
the decided sector is generated and supplied to a 
decoder. 



[0026] In another step tiie received symbols are pro- 
jected on the axes of tiie second coordinate system 
buikJ up from the axes A1 , A2 and the distance from the 
received syvrtoo\ to the closest axes Al . A2 of said ooor- 
5 dinate system is measured. Said measured distance is 
then output as soft decision or likelihood information 
and can be used in a convotutional decoder, such as for 
example a Viterbi decoder. 

[0027] With reference to fig. 2 an embodiment of the 
10 implementation of the present invention will be 
explained. Fig. 2 shows a demodulator 11 for the 
demodulation of a 8-PSK modulated signal according to 
the present invention. The 8-PSK modulated RF signal 
is received from an antenna 10 and then passed to a 
15 baseband down convener 9. The base band convened 
signal is then split in a split unit 1 in the inphase compo- 
nent and quadrature phase component. The split unit 1 
therefore generates the inphase quadrature phase com- 
ponent of the incoming complex constellation. The 
20 Inphase information and tiie quadrature phase infbrma- 
tion are respectively output as a bit 0 and a bit 1 . These 
two bits 0 and bit 1 are input in a convolutional decoder 
such as Viterbi decoder 8. 

[0028] Additionally according to the present Invention 

25 the received complex symbol constellation is mapped In 
tiie first quadrant. Therefore an absolute calculation unit 
2 is provided for the inphase component and an abso- 
lute value calculation unit 3 is provided for the quadra- 
ture phase component. The absolute calculation unit 2, 

30 3 maps all incoming complex symk)ol constellations to 
tiie first quadrant in the complex plane. The Implemen- 
tation of the absolute calculation unit 2, 3 is therefore 
quite simple. If the incoming symbol value Is ^ 0, no 
change is required, and if the signal value is < 0. the 

35 sign of tiie syrrboH is invented(f lipping of the sign bit). 
10029] The output signals of the absolute calculation 
units 2, 3 are Input to a combination unit 4. The combi- 
nation unit 4 uses the two inputs from the absolute cal- 
culation unit 2, 3 to generate a conplex constellation 

40 point in the complex IQ plain. The conrY)lex constellation 
point generated by tiie combination unit 4 Is then 
rotated by 45** or PI/4 in the complex domain by means 
of a phase adding unit 6 providing a phase shift of 45° 
or Pl/4 and a multiplier 5. In the implementation there- 

45 fore one addition and two multiplications have to be 
effected (as later on only the l-part is used). 
[0O3O] The phase rotated mapped symbol is then 
input to a second split unit 7. The second split unit 7 
takes only the inphase value of the mapped phase 

60 shifted symbol to generate a soft information value. 
Therefore by passing only the inphase component of 
the received symbol to the output a third bit (bit 2) is 
generated and can be input to tiie Viterbi decoder as 
likelihood information. 

55 [0031 ] The scheme as explained with reference to fig. 
1 and 2 is botii applicable to coherent 8-PSK modula- 
tion and differential 8-PSK modulation. The scheme is 
furthermore independent of the actual transmission 
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technology (single carrier, multicarrier. ...). 

[0032] In the following a calculation exanple will be 
used to demonstrate the processing effected by the 
structure shown In figure 2: 

The received constellation point is: = 0,72*expO*1.1*PI) 
= -0.6854j(-0.222) The split unit 1 generates the deci- 
sions: Blt0»-0.685 (inphase conponent), Bit1°-0.222 
(quadrature component). 

[0033] After the comb unit 4 the following complex 
constellation is present: 0.685+j(0.222) = 
0.72*epti*0.rPI). 

[0034] After the (PI/4) rotation unit 5. 6 the signal is: 
0.72*expO*0.35PI) » 0.327-H*(0.642) 
[D035] After the second spi\i unit 7 (taking the only I 
part) the decision is tor B2 = 0.327 Therefbre B2b0.327 
is output as soft decision likelihood intormation bit in this 
calculation example. 

[0036] In advanced transmission systems convolu- 
ttonal codes are used. Convolutk>nal decoders (iito 
Viterbi algorrthm based decoders) show excellent per- 
formance if ''softinformation'* (litelihood) Is available 
besides the symbol decision itself Likelihood informa- 
tion expresses the confidence of the decision and is 
taken into account In the maximunvlikelihood decoding 
process. For Reed-Solomon or in general block codes 
the likelihood (confidence) information can be used as 
an indication for ensure and improve the decoding proc- 
ess. 

[0037] Even if no coding Is applied the availability of 
soft information can be used in the communication sys- 
tem to improve the performance (e.g. as input to a car- 
rier phase tracking loop, input to AGC=automatic gain 
control). 

[0038] With the structure according to the present 
lnventk>n soft-information during the demodulation 
process. The scheme is capable of generating soft-out- 
put values which take into account the strength of the 
received constellation point (power of tiie received sym- 
bol) and tiie position ("deviatfon" from the optimum point 
= middle of the sector). 

[Q039] The advantages and the character of the 
present invention can be summarized as follows: 

- Maximum likelihood information is generated with 
8-PSK constellations which inproves overall sys- 
tem perfamances witti a sinY>le decoder structure. 

- No complicated cafoulations are needed (like abso- 
lute phase catoulation). 

- The usage of Gray constellation mapping reduced 
the error events. 

- The smaller confidence of "BrtS" (result of tiie trans- 
mitter constellation diagram) is already taken into 
account in the denfiodulator structure. 

The structure can be seen as a simple extension of 
4-PSK (QPSK) modulation/demodulation schemes 
and therefore implementation of flexible (softinfor- 
mation) QPSK/8PSK demodulators is simplified. 



Claims 

1. Mettiod for demodulating a 8 PSK modulated sig- 
nal. 

5 comprising the following steps: 

- detecting (1) the t and Q components of a 
received syiribol, 

- outputting a first and a second bit comprising 
10 likelihood information and representing tiie 

detected I and Q components. 

- detecting (2, 3, 4. 5, 6, 7) the distance from the 
received symbol to the closest axis of a coordi- 
nate system rotated by 45 degrees relatively to 

IS the I and Q coordinate system, and 

outputting a tiiird bit representing the meas- 
ured distance. 

2. Method for demodulating according to claim 1 , 
20 characterized in that 

tiie distance from the received symbol to tiie clos- 
est axis of a coordinate system rotated by 45 
degrees relatively to the 1 and Q coordinate system 
is measured by 

25 

- mapping (2, 3) the received synffool into tiie first 
quadrant of the I and Q coordinate system. 

- phase rotating (5, 6) the mapped constellation 
point by 45 degrees, and 

30 - taking (7) the I component of the phase rotated 
mapped constellation point. 

3. Method for demodulating according to claim 2, 
characterized in that 

35 the mapping of tiie received symbol into tiie first 
quadrant of the I and Q coordinate system Is 
effected by taking (2, 3) tiie absolute value of the I 
and Q components of the received symbol. 

40 4. Metiiod for demodulating according to anyone of 
ttie preceding claims, 
characterized by 

the step of supplying the three bits to a Viterbi 
decoding step (8), wherein the tiiird bit representing 
45 the measured distance is used as a likelihood infor- 
mation in the VitertM decoding step (8). 

5. Method for demodulating according to anyone of 
the preceding claims. 

60 characterized by 

the step of supplying the third bit as an input signal 
to a carrier phase tracking loop. 

6. Metiiod for demodulating according to anyone of 
55 the preceding claims, 

characterized by 

the step of supplying the tiiird bit as an input signal 
to an automatic gain control. 
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7. Method for demodulating according to anyone of 
the preceding claims. 

chaiacterized In that 

a Gray constellation mapping Is used. 

5 

8. Demodulator for demodulating a 8 PSK oxxlulated 
signal, 

comprising : 

a split unit (1) adapted for detecting the I and Q io 
components of a received symtx)! and output- 
ting a first and a second bit representing the 
detected I and Q components. 

- a detector (2, 3, 4, 5. 6. 7) adapted for detecting 
the distance from the received symbol to the is 
closest axis of a coordinate system rotated by 

45 degrees relatively to the I and Q coordinate 
system and for outputting a third bit represent- 
ing the measured distance. 

20 

9. Demodulator according to claim 8, 
characterized in that 

the detector for measuring the distance from the 
received symbol to the closest axis of a coordinate 
system rotated by 45 degrees relatively to the I and 25 
Q coordinate system comprises: 

- means (2, 3) for mapping the received symbol 
into the first quadrant of the I and Q coordinate 
system, 30 
means (5. 6) fbr phase rotating the mapped 
constellation point by 45 degrees, and 

means (7) for taking the I component of the 
phase rotated mapped constellation point. 

35 

10. DenrKxJulator according to daim 9, 
characterized in that 

the means fbr mapping the received symtx)! into the 
first quadrant of the 1 and Q coordinate system 
comprises means (2, 3) fbr taking the absolute 40 
value of the I and Q components of the received 
symbol. 

1 1 . Demodulator according to anyone of claims 8 to 1 0, 
characterized by 45 
a soft input decoder, like a Viterbi decoder (8). 
wherein the tiiree bits representing the measured 
distance are used as a likelihood information in said 
soft input decoder (8). 

so 

1 2. Demodulator according to anyone of claims 8 to 11 . 
characterized by 

a cannier phase tracking loop supplied with the third 
bit as an input signal. 

ss 

1 3. DerTKXlulator according to anyone of claims 8 to 1 2, 
characterized by 

an automatic gain control supplied with the third bit 



8 

as an input signal. 

1 4. Demodulator according to anyone of claims 8 to 1 3, 
characterized in that 

a Gray constellation mapping is used. 

1 5. Mobile communications device, 
characterized in that 

it comprises a demodulator (11) according to any- 
one of claims 8 to 14. 
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